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Pig skin was irradiated in vivo with fluorescent sun -
lamp tubes (peak emission at 305 nm). A significant 
increase in epidermal beta-adrenergic adenylate cyclase 
response was observed as early as 12 h following 1-2 
minimum erythema doses (MEDs) UVB exposure, which 
lasted at least 48 h. The augmentation of adenylate 
cyclase response was relatively specific to the beta-
adrenergic system and there was no significant differ-
ence in either adenosine- or histamine-adenylate cyclase 
response of epidermis. The increased beta-adrenergic 
adenylate cyclase response was less marked at higher 
doses of UVB exposure (5 MEDs); in the latter condition, 
a significant reduction in adenosine- or histamine-ade-
n y late cyclase response was observed. There was no 
s ignificant difference in either low- or high-K,.. cyclic 
AMP phosphodiesterase activity between control and 
U VB-treated skin at 1-2 MEDs. Our data indicate that 
t he epidermal adenylate cyclase responses are affected 
in vivo by UVB irradiation, which might be a s ignificant 
regulatory mechanism of epidermal cyclic AMP systems. 
Epide rmis conta ins at least 3 major [beta- adre ne rgic, ade n -
osine, and histamine (H ")] a nd o ne min o r (prostaglandin E) 
a d e n y la t e cyc lase syste ms whi c h can be act ivated by eac h 
agoni s t , resulting in t he accumula tio n o f intracell u la r cyclic 
A MP [1] . Amo ng t hese, the beta -adre ne rgic ad en y late cyclase 
system is s hown to be marked ly d efective in seve ra l patho logic 
condi t io ns o f epide rmis including pso ri as is [2- 4]. W e ha ve 
attempted in our la bora tory to reve rse t his phe no me no n , i.e. , 
to a u gm e n t t his recep to r response o f epide rmis . Usin g a n in 
v it r o lo ng-te rm incuba tion syste m , we ha ve s hown t hat many 
chemica ls ha ve the e ffect ; glucocort icoids, colchi c ine , and pro-
te in synthesis inhi bi t ors a ugment the beta-adre ne rgic response 
of e pide rmis [5,6,'1' ]. S o far, however, tri a ls us ing in vivo con-
di t ions are wi t hout success. In t he lite ra ture, too, whil e ep ider-
mal b e ta-adre ne rgic adeny late cycl ase response is easily low· 
er e d by va rious in vivo manipulatio ns [7], repo rts co nce rnin g 
t he a u gm e n ta t io n of t his recepto r respo nse in vivo are re mark -
ably sca rce. Marks et a l [7] repo rted the a ppa rent increase of 
the b eta-adre ne rgic response by prot ein synthes is inhibito rs in 
v ivo. In t he ir syst e m , howe ve r, t he initia l dese ns iti zation proc-
ess was required fo r th e d etectio n o f the e ffect. He re we report 
that U VB irradiatio n ca n augm e nt epide rmal be ta- adre nergic 
a d e n y la t e cyc lase respo nse in vivo. 
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MATERIALS AND METHODS 
Ultraviolet 1 rradiation 
Domestic white- haired pigs weighing 5- 10 kg were a nesthetized wi th 
Nembuta l (Dainippon, Osaka) i.p. (dose 30 mg/kg). Fiftee n minutes 
afte r the anesthesia (after clipping t.he hair and washing the skin 
surface), the backs of the pigs were irradiated wit h T oshiba- Eizai 
Dermaray equipment (DMR· I, T okyo) wi th 5 flu orescent lamps (F'L· 
20-SE-30, T oshiba, T okyo) . These produced UV radiation between 
280- 370 nm, with the main emission between 295- 315 nm a nd pea k 
emission at 305 nm. A minimal erythema dose (MED) determined from 
3 different pigs (at 48 h a fter UV irradia t ion) was 65 ± 5 s at 40 em, 
which corresponded to 125 ± 10 mJ /cm2• Since va ria tions were minimal 
among different pigs, a dose of 125 mJ/cm' was used as 1 MED in our 
experimenta l condition. 
Tissu.e 
After an appropriate time, the UV-irradiated pigs were anesthetized, 
a nd the skin specimens were obta ined from t he irradia ted and nonir· 
radiated sites by use of a Castroviejo keratome (Storz Instrument Co., 
St. Louis, Missouri) adjusted to 0.3- mm setting. ince variations of the 
beta-adrenergic response were observed among different pigs [ 8], com-
parison of the responses was made between t he irradiated and nonir-
radiated skin from the same pig obtained on the same occasion. Each 
experimental series (which consists of 4- 5 independent experiments) 
was performed at least 3 times using different pigs and represent.a t ive 
data are shown in T ables !- Ill ; variations within a s ingle experimenta l 
se ries were minimal. 
Cyclic A MP and Phosphodiesterase Assay 
The skin s lice was cut into 5 X 5 mm squares, washed 3 t imes in 
RPM I 1640 medium , and preincubated in the same medium for 15 min 
at 37"C to standardize the cyclic AMP level [9]. After the preincubation, 
2 skm squa res were randomly selected and floa ted with their keratin 
layers up in RPM I 1640 medium conta ining various adenyla te cyclase 
ac tivators. The concent ra tions of epinephrine, adenosine, and hisla-
mine added for the cyclic AMP accumulation were 50 !'mol/lite r, 2 
mmol/ li ter, and l mmol/ li ter, respectively. Previously it was shown 
that the concentrations of these chemicals were sufficient for t he 
maximal accumulation of cyclic AMP, which was at ta ined a fter 5 min 
without cyclic AMP phosphodiesterase inhibi to rs [1]. After incuba tion 
at 37"C in a water bath (for 5 min unless otherwise stated) skin squares 
were quickly frozen between 2 plates of dry ice. The cyclic AMP content 
in these skin squares was measured by radioimmunoassay using a 
Yamasa cyclic AMP assay kit (Yamasa Shoyu Co. Tokyo) after partial 
purification by the method of Yoshikawa et. a l [9]. 
The cyclic AMP phosphodiesterase activities in skin squares were 
measured by the method of Adachi et al[lO]. The substrate cyclic AMP 
concent rations for low· and high-/{,, enzymes were 0.75 1'mol/ li t.e r and 
102 !<mol/ liter, respectively. Protein co ncent rations were measured by 
the method of Lowry et al [ 11] using bovine serum albumin as a 
standard. Chemicals and drugs were a ll prepared fresh before each 
experiment and the pH of the medium was adjusted to 7. The statistical 
significance of the data obtained was evaluated by Student's £- test. 
RESULTS 
UVB irradiati o n (1 - 2 MEDs) resulted in t he ma rk ed inc rease 
o f the beta-adre ne rgic a deny late cyclase response of epide rmis 
withou t s ignificant e ffects o n eithe r a de nosine- or histamine-
ad eny la te cyclase response by 24 h (Table I) . The a ugm en tation 
o f the beta-adren e rgic response required a lag pe riod. It was 
observed 12 h following UV e xposure and lasted a t least 48 h 
(da t a not s hown) . At a higher dose of UVB irradiatio n (5 
MEDs ), t he a ugme ntation of the beta-adre ne rgic resp o nse was 
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TABL E I. Effects of UV irradiation on the adeny late cyclase responses 
of epidermis (2 M ED~ exposure) 





Cycl ic AMP pmol/ mg proLein 
ConLrol sk in 
1.5 ± 0.3 
5.2 ± 0.4 
46.5 ± 1.5 
53.6 ± 2.1 
UVB-treaLcd skin 
2.0 ± 0.2 
25.7 ± 1.0" 
50.1 ± 2.6 
55.3 ± 2.5 
Pig skin was obta ined from irradi ated and nonirradiated areas at 24 
h following 2 MEDs UVB exposure. Skin squares were made and were 
incubated with epineph rine, adenosine, and histamine as described in 
M ateria ls and Methods. Data are the mea ns ± SE of 4 independent 
experiments from the same pig. Essent ially the same results were 
obtained at 1 MED UVB exposure. 
"p < 0.01 compared with control. 
T ABL E II. Effects of U V irradia tion on. the adenylate cyclase responses 
of epidermis (5 M E Ds exposure) 





Cyc lic AMP p mol/ mg protein 
Cont rol skin 
1.0 ± 0.1 
3.8 ± 0.4 
40.7 ± 3.5 
48.6 ± 8.2 
UVB-treaLed skin 
0.8 ± 0.1 
7.2 ± 1.7 
17.9 ± 3.8" 
18.0 ± 2.6b 
Pig skin was obtained from irradiated and nonirradiated areas at 24 
h fo llowing 5 MEDs UVB exposure. Other condi tions were the same 
as in Table I. Data are the mea ns± SE of 4 independent experiments 
from the same pig. 
"p < 0.01 compared with control. 
1
' p < 0.05 compa red with control. 
TA BLE Ill. Effects of U V irradiation on the cyclic AMP 
phosphodiesterase activity of epidermis 
Low /( m 
High Km 
Phosphod ies te rase activity 
(pmol/mi n/ mg prot.ein ) 
Co ntro l skin 
12.9 ± 0.8 
253.4 ± 9.1 
UVB -t rea t.ed skin 
11.8 ± 0.4 
234.0 ± 7.6 
Pig skin was obta ined from irradiated and non irradiated areas at 24 
h following 2 MEDs UVB exposure. Skin squares were made and 
phosphodiesterase act ivities were measu red as described in M aterials 
and M ethods. Data are the means± SE of 5 independent experiments. 
No significa nt difference in phosphodiesterase activity was observed at 
1 MED exposure, either. 
less marked, and was accompanied by a s ignificant dec rease of 
adenosine- and histamine-adenyla te cyclase responses of epi-
dermis (T able Tl) . There was no diffe rence in the t ime course 
of the epineph rine- induced cyc lic AM P accumulations between 
cont rol and UVB-treated skin ; t he max imal accumulation of 
cyclic AM P was attained afte r 5 min in both skin groups 
wit hout cycli c AMP phosphodiesterase inhibitors (data not 
shown ). 
T able Ill shows t he effect of UVB irradiation (2 MEDs) on 
the cycli c AMP phosphodi esterase activities of epidermis. Both 
low- and high-/{,, enzyme activit ies were slightly decreaesd by 
the UVB irrad iation. The d ifferences, however, were not statis-
t ically s ignifi cant (Table III ). 
DISCUSSIO N 
Marks a nd Gri mm [ 12] reported diurna l va riation of basal 
cyclic AM P levels in mouse epidermi s by light and da rk t reat-
ment in vivo. Halprin [13] reported t he increased basa l cyc lic 
AMP level following 3 MEDs UVB irradiation . In our system, 
skin samples were obtained at a round 2:00 P. M . (when pigs 
were at a n act ive phase), and experi ments were performed after 
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t he 15-min preincubation to standardize t he cyclic AMP level 
followin g t he so-called ischemia effect [9] . As was shown in 
T ables I and II , t here was no significant difference in t he basal 
levels of cyclic AMP between cont rol and UVB-t rea ted skin . 
Our data, however, clearly indicate t hat UVB irradiation 
augments epidermal beta-adrenergic adenylate cyclase response 
in vivo. In cont rast to the effect of protein synt hesis inhibitors 
in vivo [7], t he augmentation by UVB irradiation required no 
initia l desensit ization process. S ince t he effect was specific to 
t he beta-adrenergic system (Table I) , and since no s ignificant 
diffe rence in phosphodiesterase activi ty was observed between 
control and UVB-treated skin (Table Ill) , UVB irradiation 
seems to affect specifically this receptor adenylate cyclase 
system of epidermis. At higher dose of UV radiation exposure, 
tox ic effects on the adenosine and histamine receptor systems 
were observed (T able II). S imila r diffe rent ia l effects a mong 
each receptor adenylate cyclase responses have been shown in 
vit ro by various chemicals [6,1' ]. 
The significance of t he increased beta-adrenergic response 
after UVB irradiation remains to be determined. We have 
shown that glucocorticoids, colchicine, and protein synthesis 
inhibi to rs have simila r augmentation effects on t he bet a-adre-
nergic system in vi t ro [5,6,1']. Interestingly these chemica ls a re 
known to have inhibi tory effects on kerat inocyte proliferation 
and reveal various clinical effi cacy on t he psoriatic epidermis 
[14], where the defective beta-adrenergic response is repeatedly 
obse rved [2,3 ]. Here again , UVB irradiation , which has been 
used fo r psori asis wi t h considerable clinical e ffi cacy [1 5], re-
sul ted in the increased beta-adrenergic response of epidermis 
(T able 1). Thus it might be suggested t hat t he augmentat ion of 
the beta-adrenergic response mi ght be relevant to t he thera-
peut ic e ffi cacy of t hese chemicals (or manipulations) on the 
psoriatic hyperproliferative epidermis. Cons istent wi t h t his, 
there seems to be an inverse correlation existing between the 
beta-adrenergic responsi veness of keratinocytes and t he cell 
proliferative activi ty [4,16] . 
On t he other hand, Ma rks et a l [7] reported that t he de-
creased beta-adrenergic response might not necessarily corre-
late wi th t he hyperproliferat ive epidermis. Effects of epineph-
rine per se is also cont roversial; both stimulatory and inhibitory 
effects a re reported depending on the cul ture condi t ions in vitro 
[see 17], which mi ght refl ect t he different ial effects of epineph-
rine on ke rat inocyte proliferation in vivo [18]. Similarly the 
effect of UVB irradiation on keratinocyte proliferat ion is not 
stereotyp ic, depending on the dose and t he t ime after UV 
exposure [19]; the initial marked decrease in mitosis, or DNA, 
RNA , a nd protein synt hes is is followed by an increase of these 
fun ctions [19] . Alt hough no comprehensive explanation for 
these apparently pa radoxical effects is available at present , t he 
alte red adenylate cyclase response following UVB irradiation 
might have a profound effect on keratinocytes t hrough the 
cyclic AMP-dependent mechani sms of epidermis, which might 
be relevant to t he va rious biologic activities of UV irradiation 
on epidermal keratinocytes in vivo. 
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